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AB TG/DTA plays a central role in the strategy outlined for early evaluation 

of the solid state forms available to pharmaceutical new chemical entities. 
At this stage of development, compound and time are often at a premium so a 
successful strategy requires making the best possible use of the materials 
and time available. In addition, because of time and compound limitations, the 
goal of the solid state investigation at this stage focuses upon early 
stage objectives rather than development of a complete understanding of 
all available solid state forms. Examples of the test strategies 
developed in the authors' laboratory are provided. When mixed forms were 
present within individual samples, TG/DTA in combination with light 
microscopy and powder X-ray diffraction provided evidence that samples 
represented mixed solid state forms. The initial assessment was made 
using as little as 5 mg of sample. Hygroscopicity challenges provided 
further proof for mixed forms. To make a definite assignment of the solid 
state forms present, isolation of pure phases of the suspected individual 
forms was necessary. Success of the testing strategy is illustrated using 
an example of mixed salt stoichiometry and mixed hydration states. A 
hierarchy is suggested for efficient isolation efforts when a complex 
mixture of solid state samples is present. Use of this strategy 
demonstrates the ability of TG/DTA in combination with XRPD and 
hygroscopicity studies to unequivocally identify solid state forms within 
a complex mixture 
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AB TGA-DTA plays a central role in the strategy outlined for early evaluation 
of the solid state forms available to pharmaceutical new chemical entities. 
Understanding of the solid state forms becomes more difficult when 
individual samples present as mixed forms, especially when it is not 

immediately 

recognized that the samples represent a mixture In this study, TGA-DTA, in 
combination with light microscopy and powder X-ray diffraction, provided 
immediate evidence that samples represented mixed solid state forms. The 
initial assessment was made using as little as 5 mg of sample. 
Hygroscopicity challenges provided further proof for mixed forms. To make 
a definite assignment of the solid state forms present, isolation of pure 
phases of the suspected individual forms was necessary. Success of this 
testing strategy is illustrated using an example of mixed salt 
stoichiometry and mixed hydration states. A hierarchy is suggested for 
efficient isolation efforts when a complex mixture of solid state samples is 
present . 
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ale, together with an aqueous binder. There are also provided a process of 
preparing the same and a therapeutic method employing such a formulation in 
the treatment of various skeletal diseases, such as systemic bone diseases 
including osteoporosis, osteoarthritis, Paget • s disease, osteomalacia, 
multiple myeloma, and other forms of cancer, steroid therapy wherein the 
skeletal system is effected and age-related loss of bone mass, local 
disorders such as bone fractures and other such related disorders. For 
example, tablets were formulated containing alendronate Na trihydrate 35, 
microcryst. cellulose 57.5, mannitol 58.32, starch 1.5, Mg stearate 2, and 
Na starch glycollate 8.9 mg. 
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AB The present invention discloses 3-pyridinyl-l-hydroxyethylidene-l , 1- 

bisphosphonic acid sodium hemipentahydrate and Tnonohydrate , {risedronate 
sodium hydrates) methods of preparing the hemipentahydrate or monohydrate 
through control of the nucleation temperature and rate of crystallization and 
pharmaceutical compns. containing 1 or both of the hydrate forms. An aqueous 
solution of risedronate sodium selective yields the monohydrate or the 
hemipentahydrate crystal forms depending upon the conditions of crystallization 
The temperature of nucleation and the rate of crystallization govern the 

hydrate, 

varying the ratio of water-iso-PrOH and the temperature 
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AB TG/DTA plays a central role in the strategy outlined for early evaluation 
of the solid state forms available to pharmaceutical new chemical entities 
At this stage of development, compound and time are often at a premium so 
successful strategy requires making the best possible use of the materials 
and time available. In addition, because of time and compound limitations 
goal of the solid state investigation at this stage focuses upon early 
stage objectives rather than development of a complete understanding of 
all available solid state forms. Examples of the test strategies 
developed in the authors' laboratory are provided. When mixed forms were 
present within individual samples, TG/DTA in combination with light 
microscopy and powder X-ray diffraction provided evidence that samples 
represented mixed solid state forms. The initial assessment was made 
using as little as 5 mg of sample. Hygroscopic ity challenges provided 
further proof for mixed forms. To make a definite assignment of the solid 
state forms present, isolation of pure phases of the suspected individual 
forms was necessary. Success of the testing strategy is illustrated using 
an example of mixed salt stoichiometry and mixed hydration states. A 
hierarchy is suggested for efficient isolation efforts when a complex 
mixture of solid state samples is present. Use of this strategy 
demonstrates the ability of TG/DTA in combination with XRPD and 
hygroscopicity studies to unequivocally identify solid state forms within 
a complex mixture 
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(TG/DTA combined with light microscopy and XRPD enabled early detection 
of solid state mixed forms and provided information regarding nature 
and level of hydration of risedronate like monosodium monohydrate, 
hemi-pentahydrate and free acid) 
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AB Active pharmaceutical ingredients may crystallize in different polymorphic 
and/or hydration states. Differing solid state forms may express 
variation in key properties that impact performance attributes such as 
solubility, dissoln. rate, and stability. Depending upon formulation needs, 
the thermodynamically most stable form may not be chosen for manufacture of the 
final drug product. Under these circumstances, it is important to 
understand the relative stability of the me tas table form under anticipated 
long-term storage conditions. Hydrates require an addnl. level 
of concern in regards to potential phase changes. Like polymorphs, the 
concern exists for a change in property, such as solubility (and subsequent 
altering of dissoln. rate) , upon change in hydrate form. But 
unlike polymorphic changes, a change in hydration state may also result in 
release of water into a formulation (change to lower hydration state) or 
the robbing of available water from a formulation (change to a higher 
hydration level) . Changes in water distribution within a formulation may 
result in unexpected changes in tablet hardness or ability to release, 
cause capsule brittleness, or decrease formulation stability. 
Understanding the parameters necessary for long-term maintenance of a 
metastable hydrate is clearly of importance to the design of a 
stable formulation. TGA-DTA is an effective tool for monitoring changes 
in hydration state. TGA-DTA can quantitate total water content and 
illustrate hydrate type in a single experiment with only a few 
milligrams of sample. KF, LOD, or NIRA can monitor water content but not 
identify phase. XRD may be used to assess hydrate type but is 
not necessarily quant. Solid State NMR may identify phase and quantitate 
water content but requires an order of magnitude more sample and a 
training set of samples to establish a calibration curve. 

IT 115436-72-1, Risedronate sodium 

RL: PRP (Properties); THU (Therapeutic use); BIOL (Biological study); USES 
(Uses) 

(monitoring hydration state conversion by TGA-DTA) 
RN 115436-72-1 CAPLUS 

CN Phosphonic acid, [ 1 -hydroxy- 2 - (3 -pyridinyl) ethyl idene] bis- , monosodium 
salt (9CI) (CA INDEX NAME) 



OH 



H2O3P-C-CH2 



PO3H2 




Na 



REFERENCE COUNT: 17 THERE ARE 17 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 



L6 ANSWER 3 OF 9 CAPLUS COPYRIGHT 2006 ACS on STN 



10/531,877 



ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE : 



AUTHOR (S) : 

CORPORATE SOURCE 
SOURCE : 



PUBLISHER: 
DOCUMENT TYPE 
LANGUAGE : 



2005:1174909 CAPLUS 
144 :280250 

The role of TGA-DTA in the initial evaluation of the 
solid state forms for pharmaceutical new chemical 
entities, part 2: Evaluation of mixed forms 
Redman-Furey, Nancy L.; Dicks, Michael L.; Godlweski, 
Jane; Vaughn, Dana C; Collins, Wendy J. 
P and G Pharmaceuticals, Inc., Norwich, NY, 13815, USA 
Journal of ASTM International (2005), 2(1), No pp. 
given 

CODEN: JAIOAD 

URL : h t tp : / / j ouma 1 s ip . a s t m . org/ DOWNLOAD/ JAI12792.2792 
4-1. pdf 

ASTM International 
Journal; (online computer file) 
English 

AB TGA-DTA plays a central role in the strategy outlined for early evaluation 
of the solid state forms available to pharmaceutical new chemical entities. 
Understanding of the solid state forms becomes more difficult when 
individual samples present as mixed forms, especially when it is not 

immediately 

recognized that the samples represent a mixture In this study, TGA-DTA, in 
combination with light microscopy and powder X-ray diffraction, provided 
immediate evidence that samples represented mixed solid state forms. The 
initial assessment was made using as little as 5 mg of sample. 
Hygroscopicity challenges provided further proof for mixed forms. To make 
a definite assignment of the solid state forms present, isolation of pure 
phases of the suspected individual forms was necessary. Success of this 
testing strategy is illustrated using an example of mixed salt 
stoichiometry and mixed hydration states. A hierarchy is suggested for 
efficient isolation efforts when a complex mixture of solid state samples is 
present . 
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AB Stable crystalline modification of monosodium 
3 -pyr idyl - 1 -hydroxye thy 1 idene -1,1- 

bisphosphonate hydrate (monosodium risedronate J form) , useful 
in treatment of bone diseases and to adjust calcium metabolism (no data) was 
prepared by heating of the metastable H form at 50° for 3-10 h. The 
new modification is characterized by its x-ray pattern with characteristic 
interplanar distances 4.35; 8.44; 13.42 and 15.73 u and was found to be 
stable at room temperature for 9 mo in a sealed glass container. 
115436-72-lP, Risedronic acid monosodium salt 
RL: SPN (Synthetic preparation) ; PREP (Preparation) 

(crystalline modification; preparation of stable crystalline modification 
monosodium 3-pyridinyl 1- hydroxye thyl idene 1, 1-bisphosphonate 
hydrate) 
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Phosphonic acid, [l-hydroxy-2- (3-pyridinyl) ethylidene] bis- , monosodium 
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TITLE: Structural and analytical characterization of three 

hydrates and an anhydrate form of risedronate 
Redman-Furey, Nancy; Dicks, Michael; Bigalow-Kern, 
Adrienne; Cambron, R. Thomas; Lubey, Gwen; Lester, 
Cathy; Vaughn, Dana 

Procter and Gamble Pharmaceuticals, Inc., 
13815, USA 

Journal of Pharmaceutical Sciences (2005) 
893-911 

CODEN: JPMSAE; ISSN: 0022-3549 
Wiley-Liss, Inc. 
Journal 
English 

Four hydration states are reported for Risedronate monosodium. A 
single-crystal x-ray structure determination is provided as proof of assignment 
for the monohydrate, hemi-pentahydrate, and variable hydrate 
forms. The structure provided for the anhydrate form was determined through 
simulating annealing calcns . and subsequent Reitveld refinement of a 
high-quality x-ray powder diffraction patterns Favorable comparisons of 
exptl. obtained x-ray powder patterns are made to those generated from the 
single crystal data. Characteristic IR, Raman, and NMR spectra are 
provided and discussed for each form as are thermal anal, profiles. In 
addition, photomicrographs are provided for each of the forms isolated for 
this study. The hemi-pentahydrate is demonstrated to be the equilibrium form 
at room temperature and 37®, in the presence of water. 
115436-72-1, Risedronate sodium 

RL: PRP (Properties); THU (Therapeutic use); BIOL (Biological study); USES 
(Uses) 

(structural and anal, characterization of three hydrates and 
an anhydrate form of risedronate) 
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Gallop, Mark A.; Xiang, Jia-Ning; Yao, Fenmei; Bhat, 

Laxminarayan; Zhou, Cindy X. 

Xero Port, Inc., USA 

U.S. Pat. Appl. Publ., 34 pp. 
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Patent 
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PATENT NO. 



KIND DATE 
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III 



The present invention provides a method for synthesizing 1- (acyloxy) alkyl 
derivs. I from 1-acylalkyl derivs. II [wherein n = 0-1; q = 0-1; provided 
that n and q = 0 unless Y = NRR' or OR; Y = NRR', OR, COR, PO{OR')R, or 
PO(OR'){OR); NRR', OR, COR, PO{OR')R, or PO(OR'){OR) = groups derived from 
drugs containing the indicated functional groups, with provisos; Rl = H or 
(un) substituted alkyl, (hetero) cycloalkyl, (hetero) arylalkyl, or a C23 
bile acid moiety; R2 and R3 = independently H or (un) substituted 
(cyclo) alkyl, (cyclo) alkoxycarbonyl, aryl (alkyl), carbamoyl, or 
heteroaryl (alkyl) ; or Rl and either R2 or R3 may join together with the 
atoms to which they are attached to form an (un) substituted 
(hetero) cycloalkyl ring optionally fused to a (hetero) aryl or 
(hetero) cycloalkyl ring; or CR2R3 = (un) substituted (hetero) cycloalkyl ; 
R21 = independently H or (un) substituted alkyl; R22 = independently H or 



10/531,877 



IT 



of 

RN 
CN 



(un) substituted (cyclo) alkyl, alkoxy (carbonyl) , acyl, alkylamino, 
alkylthio, carbamoyl, aryl (alkyl), heteroaryl (alkyl) , etc.; or 
pharmaceutically acceptable slats, hydrates, or solvates 
thereof] . The method typically proceeds stereospecif ically , in high 
yield, does not require the use of activated intermediates and/or toxic 
compds., and is readily amenable to scale-up. The invention also provides 
1-acylalkyl derivs . of known drug compds. and methods for synthesizing 
these 1-acylalkyl derivs. I and compns. thereof are useful as prodrugs 
(no data) . For example, coupling of benzoin with p-nitrophenyl 
chloroformate using DMA? in CH2C12, followed by the addition of gabapentin in 
the presence of TEA and TMSCl CH2C12 gave 1- [ [ (a- 

benzoylbenzyloxy) carbonyl] aminomethyl] -1-cyclohexaneacetic acid (90% over 
two steps) , Oxidation with mCPBA in CH2C12 provided the a- 
(benzoyloxy) benzyl carbamate III (4 7%) . 
115436-72-lDP, NE 58095, prodrug derivative 

RL: IMF (Industrial manufacture); THU (Therapeutic use); BIOL (Biological 
study) ; PREP (Preparation) ; USES (Uses) 

(preparation of alkoxyalkyl carbamates and analogs as prodrugs by oxidation 

acylalkyl derivs.) 
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Journal 
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Risedronate, the active pharmaceutical ingredient in Actonel, is manufactured 
as the hemi-pentahydrate. In addition to the hemi-pentahydrate, monohydrate 
and anhydrate forms of the drug were isolated. Each of these 
hydrate forms displayed a unique thermoanal. signature by both TGA 
and DSC. The appearance of the TGA and DSC thermal curves for the 
hemi-pentahydrate form is highly dependent upon exptl. parameters such as 
scan rate and sample pan venting. Most of this dependence can be 



SOURCE : 



PUBLISHER: 
DOCUMENT TYPE 
LANGUAGE : 
AB 
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explained by the channel nature of a portion of the water of hydration of 
the hemi-pentahydrate and the fact that under some conditions, a 
conversion from hemi-pentahydrate to monohydrate occurred during the 
thermoanal . experiment 

IT 115436-72-1, Actonel 

RL: THU (Therapeutic use); BIOL (Biological study); USES (Uses) 

(thermoanal. characterization of hydration states of risedronate) 
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DOCUMENT TYPE: Journal; General Review 
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AB A review. After comparing sodium risedronate hydrate, a drug 

for treatment of osteoporosis, with existing analogs, the knack of its 
usage and precaution against its side effects were briefly discussed. 
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AB The present invention discloses 3-pyridinyl-l-hydroxyethylidene-l, 1- 

bisphosphonic acid sodium hemipentahydrate and monohydrate, (risedronate 
sodium hydrates) methods of preparing the hemipentahydrate or 
monohydrate through control of the nucleation temperature and rate of 

crystallization 

and pharmaceutical compns . containing 1 or both of the hydrate 
forms. An aqueous solution of risedronate sodium selective yields the 
monohydrate or the hemipentahydrate crystal forms depending upon the 
conditions of crystallization The temperature of nucleation and the rate of 
crystallization 

govern the hydrate, varying the ratio of water-iso-PrOH and the 
temperature 
IT 115436-72-1, Risedronate sodium 
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